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Figure 1 Allosteric sites in a rotary molecular motor, V,-ATPase, were created by restoring lost functions (ATP binding ability) of the pseudo-active

sites which are predicted to have been lost during the evolution.
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Crystal Structure of V,-ATPase (PDB ID: 3VR6)

Structures of P-loop containing proteins

Figure 2 (a) Three dimensional structure of our target protein is necessary for redesigning it. We designed allosteric sites based on the crystal structure
of Enterococcus hirae V,-ATPase. (b) To characterize the P-loop motif, many known P-loop containing structures were needed. We analyzed
P-loop containing protein structures which were collected from protein structure database. P-loop motifs are shown as red spheres.
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Figure 3 (a) Crystal structure of the designed V,-ATPase with ADP molecules was solved. This structure revealed that our designed site has nucleotide
binding ability. Green dot and red straight arrows indicate the catalytic and non-catalytic interfaces, respectively. ADP molecules are shown
as spheres (top) or stick (bottom). (b) Crystal structures of the designed V,-ATPase with 4 or 5 ADP molecules were solved. Comparing
these structure elucidated the allosteric mechanism: binding a nucleotide into the designed site induces the conformational change of the

neighboring catalytic site, facilitating the ADP-release there.
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Figure 4 We developed an advanced molecular cell biology approach by integrating computational redesigning of protein complexes based on the
predicted three-dimensional structure into yeast genetics. By the approach, it was revealed that two types of yeast TORC1 complexes, which
were thought to have the same function, play distinct roles in cellular environmental response and life span.
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